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(54) [Title of the Invention] Respiratory Circuit 
(57) [Abstract] 

{Purpose] To provide a respiratory circuit that enables humidifying of inhalation 

and facilitates breathing when a patient breathes, and has less residue and return of 
exhalation. 

[Constitution] An inner tube 50 comprises an inner tube body 52 having a plurality of 
through holes 5 1 in the wall thereof, coated with a vapor permeable film 53. 



[Claims] 

[Claim 1] A respiratory circuit having a flexible double tube, with one of an 

exhalation tube and an inhalation tube being used as an outer tube and the other used as 
an inner tube, wherein 

at least a part of said inner tube comprises a vapor permeable film. 
[Claim 2] A respiratory circuit according to claim 1, wherein 

said inner tube is formed such that an inner tube body having a plurality of 
through holes in a wall thereof is coated with said vapor permeable film. 
[Claim 3] A respiratory circuit according to claim 1, wherein 

said inner tube is formed by coating a spiral coil wound helically, with said 
vapor permeable film. 

[Claim 4] A respiratory circuit according to any one of claims 1 to 3, wherein 

a stirring wall which gives a stirring effect to the inhalation is provided between 
said inner tube and said outer tube, or in said inner tube. 

[Detailed Description of the Invention] 
[0001] 

[Industrial Field of Application] 

The present invention relates to a respiratory circuit of a respirator represented 
by an anesthetic gas feeder. 
[0002] 
[Prior Art] 

Various kinds of respirators including oxyecoia supply equipment have 
heretofore been used as a respirator incorporating a respiratory circuit, and the anesthetic 
gas feeder is a representative one of these. The anesthetic gas feeder will be described 
below as an example of the respirator. The anesthetic gas feeder is for supplying a mixed 
gas of an anesthetic gas and oxygen (hereunder this mixed gas is referred to as the 
anesthetic gas) to a human body, and usuallycomprises a respiratory circuit and an 
anesthetic gas feed section. 
[0003] 

At first, the respiratory circuit will be described, with reference to FIG. 8 



(proposed in Japanese Examined Patent Publication No. Sho 57-35668) as an example. 
A respiratory circuit 1 shown in this figure is schematically formed of a double tube 34 
comprising an outer tube 2 and an inner tube 3, each having flexibility, and an 
interconnecting tube 4 which connects the double tube 34 with an anesthetic gas feed 
section 20 described later. A passage 1 1 for allowing inhalation to flow is formed in the 
inner tube 3, and a passage 12 for allowing exhalation to flow is formed between the 
inner tube 3 and the outer tube 2. 
[0004] 

The interconnecting tube 4 is provided with an outer-tube attaching portion 6, an 
inner-tube attaching portion 7, an exhalation side attaching portion 8 and an inhalation 
side attaching portion 9. One end of the outer tube 2 is connected to the outer-tube 
attaching portion 6 via a joint 10, one end of the inner tube 3 is connected to the inner- 
tube attaching portion 7, an exhalation tube 30 described later is connected to the 
exhalation side attaching portion 8, and an inhalation tube 29 described later is connected 
to the inhalation side attaching portion 9. At an end of the double tube 34 opposite to the 
side connected to the interconnecting tube 4, the end of the outer tube 2 is equipped with 
a respiratory air port 5, and the end of the inner tube 3 is arranged in the respiratory air 
port 5 as a free end. To the respiratory air port 5 is fitted a mask (not shown) for 
providing the anesthetic gas from an inlet pipe 29 to a patient without waste. 
[0005] 

The anesthetic gas feeder section 20 will be described below with reference to 
FIG. 9. The anesthetic gas feeder section 20 shown in this figure is provided with an 
anesthetic gas generation section 21 and a carbon dioxide absorbing section 22, so as to 
be connected with the respiratory circuit 1 and used. The anesthetic gas generation 
section 21 is provided with an inlet port 23. The carbon dioxide absorbing section 22 is 
provided with an inflow port 24 and an outflow port 25, and a carbon dioxide absorbent 
26 is filled therein. The outflow port 25 and the inlet port 23 are connected by a 
communicating tube 27. 
[0006] 

One end of the inlet pipe 29 is connected to the inner tube 3 of the respiratory 
circuit 1, and the other end thereof is connected to the communicating tube 27. The 



exhalation tube 30 is connected to the outer tube 2 in the respiratory circuit 1 at one end, 
and the other end thereof is connected to the inflow port 24 of the carbon dioxide 
absorbing section 22. An exhalation assisting bag 31 is provided in the duct of the 
exhalation tube 30, so that excess gas is discharged from a pop-off valve 32. Moreover, 
reference symbol 39 denotes an inhalation valve, and 35 denotes an exhalation valve, and 
the flow of the gas is oriented in one direction as shown by the arrow in the figure, due to 
the action of these two valves. 
[0007] 

The method for using the anesthetic gas feeder having the above configuration 
for a patient (not shown) will be described below. At first, the mask is attached to the 
patient, to start to supply an anesthetic gas from the anesthetic gas generating section 21. 
The anesthetic gas is then supplied to the patient through the communicating tube 27, the 
inhalation tube 29, and the inner tube 3. The exhalation discharged from the patient 
passes through the passage 12 and the exhalation tube 30, is accumulated in the 
exhalation assisting bag 31, and a part thereof is discharged from the pop-off valve 32, 
and carbon dioxide is absorbed by the carbon dioxide absorber 22. The anesthetic gas 
obtained through such a route is mixed with the anesthetic gas supplied from the 
anesthetic gas generating section 21 to the patient, and fed again to the patient. 
[0008] 

The patient is supplied with the anesthetic gas in this manner. However, since 
the anesthetic gas supplied from the anesthetic gas generating section 21 has 0% 
humidity, an artificial nose 40 shown in FIG. 10 may be attached between the mask and 
the respiratory air port 5 and used for humidifying the anesthetic gas so that it becomes 
suitable for respiration. This artificial nose 40 comprises a patient side connecting 
section 42a, a circuit side connecting section 42b, and a humidifying section 44 located 
between these and having a built-in humidifying material 43. The humidifying material 
43 is made of polypropylene nonwoven fabric or the like, and has a function of allowing 
aeration of air bordering on this humidifying material 43, allowing vapor contained in the 
exhalation directed from the patient side connecting section 42a toward the circuit side 
connecting section 42b to be condensed and accumulated herein, and humidifying the 
inhalation directed from the circuit side connecting section 42b toward the patient side 



connecting section 42a by adding the vapor to the inhalation. 
[0009] 

The vapor contained in the exhalation from the patient is temporarily 
accumulated in the humidifying material 43 by the artificial nose 40, and the vapor is 
used for humidifying the anesthetic gas inhaled by the patient. 
[0010] 

[Problems that the Invention is to Solve] 

The respiratory circuit 1 having the artificial nose 40 has such problems as 
described below. That is, the exhalation and inhalation of the patient need to pass 
through the humidifying material 43 in the artificial nose 40, and this causes resistance in 
the passage, thereby causing a problem in that respiration becomes difficult. Moreover, 
since the artificial nose 40 has an enlarged passage shape, the volume in this portion 
becomes a dead space, and at the time of inhalation, exhalation remaining in this portion 
is also inhaled, causing a problem in that respiratory efficiency is deteriorated. 
[0011] 

In view of the above situation, it is an object of the present invention to provide a 
respiratory circuit that enables humidifying of the inhalation and facilitates breathing 
when the patient breathes, and has less residue and return of exhalation. 
[0012] 

[Means of Solving the Problems] 

The respiratory circuit of the present invention adopts the means described below 
in order to solve the above problems. That is to say, a respiratory circuit according to 
claim 1 is a respiratory circuit having a flexible double tube, with one of an exhalation 
tube and an inhalation tube being used as an outer tube and the other used as an inner 
tube, wherein at least a part of the inner tube comprises a vapor permeable film. 
According to the respiratory circuit according to claim 1, the vapor in the exhalation 
permeates through the vapor permeable film and is mixed with the inhalation, to thereby 
humidify the inhalation. 
[0013] 

A respiratory circuit according to claim 2 is a respiratory circuit according to 
claim 1, wherein the inner tube is formed such that an inner tube body having a plurality 



of through holes in a wall thereof is coated with the vapor permeable film. According to 
the respiratory circuit according to claim 2, the vapor contained in the exhalation 
permeates through the vapor permeable film and is mixed with the inhalation, to thereby 
humidify the inhalation. 
[0014] 

A respiratory circuit according to claim 3 is a respiratory circuit according to 
claim 1, wherein the inner tube is formed by coating a spiral coil wound helically, with 
the vapor permeable film. According to the respiratory circuit according to claim 3, the 
vapor contained in the exhalation permeates through the vapor permeable film and is 
mixed with the inhalation, to thereby humidify the inhalation, on the whole surface of the 
vapor permeable film. 
[0015] 

A respiratory circuit according to claim 4 is a respiratory circuit according to any 
one of claims 1 to 3, wherein a stirring wall which gives a stirring effect to the inhalation 
is provided between the inner tube and the outer tube, or in the inner tube. According to 
the respiratory circuit according to claim 4, the inhalation and the vapor strike the stirring 
wall and are mixed with each other, to thereby humidify the inhalation efficiently. 
[0016] 

[Embodiments of the Invention] 

A first embodiment of the present invention will be described below with 
reference to FIG. 1. Since the structure of the inner tube 3 of the present invention is 
changed as compared with that of the conventional example, explanation is given mainly 
for this part. In FIG. 1 , the same reference symbols are given to the same constituents as 
those shown in FIG. 8 described relating to the conventional example, and the description 
thereof is omitted. Also in this embodiment, explanation is given for the case where the 
present invention is applied to an anesthetic gas feeder, as in the conventional example. 
As shown in FIG. 1 , an inner tube 50 comprises an inner tube body 52 having a plurality 
of through holes 51 in the wall thereof, coated with a vapor permeable film 53. This 
vapor permeable film 53 is a thin film of Nafion (registered trademark of Du Pont) having 
a molecular structure shown in FIG. 2, which allows passage of vapor contained in the 
exhalation, but prevents passage of other gas components. 



[0017] 

According to the respiratory circuit 1 having this inner tube 50, when a patient 
breathes, the vapor contained in the exhalation flowing in the passage 12 between the 
outer tube 2 and the inner tube 50 passes through the vapor permeable film 53 and the 
through holes 51, reaches the inner tube body 52, and is mixed with the anesthetic gas, 
being inhalation flowing through the passage 1 1 within the inner tube body 52, to thereby 
humidify the anesthetic gas. Therefore, since the exhalation can be humidified without 
using a humidifying member, which blocks the respective passages 1 1 and 12 in the outer 
tube 2 and the inner tube 50, the resistance in the passage can be suppressed, facilitating 
breathing. Moreover, since the inner tube 50 has a non-enlarged shape, stagnation and 
return of exhalation can be eliminated. 
[0018] 

A second embodiment will be described with reference to FIG. 3. In this 
embodiment, since the structure of the inner tube is particularly changed as compared 
with the conventional example, this point will be described. In FIG. 3, the same 
constituents as those of the conventional example shown in FIG. 8 are denoted by the 
same reference symbols, and the description thereof is omitted. Also in this embodiment, 
explanation is given for the case where the present invention is applied to an anesthetic 
gas feeder, as in the conventional example. An inner tube 54 shown in FIG. 3 has a 
configuration such that a metal spiral coil 55 wound helically is coated with the vapor 
permeable film 53. 
[0019] 

According to the respiratory circuit 1 having this inner tube 54, when a patient 
breathes, the vapor contained in the exhalation passes through the vapor permeable film 
53 and is mixed with the anesthetic gas, being inhalation flowing through the passage 1 1 
within the inner tube body 52, to thereby humidify the anesthetic gas. Also in this 
embodiment, the same effect as that of the first embodiment can be obtained. Moreover, 
since the area through which the vapor can pass is wide, as compared with the inner tube 
body 52 having the through holes 51, inhalation can be humidified more efficiently. 
[0020] 

A third embodiment will be described with reference to FIG. 4. As shown in 



FIG. 4, in this embodiment, a stirring wall 56 which provides a stirring effect to the 
anesthetic gas, being the inhalation, is provided in the passage 1 1 within the inner tube 50 
described in the first embodiment. As shown in FIG. 5, this stirring wall 56 is a resin 
molded article having a shape such that a plurality of blades 57 having a spiral shape are 
alternatively connected so that the direction of spiral becomes opposite with a certain 
interval. 
[0021] 

According to the respiratory circuit 1 having the inner tube 50 comprising the 
stirring wall 56, the vapor and the anesthetic gas flowing in the passage 1 1 strike the 
stirring wall 56 to be mixed with each other; thereby the anesthetic gas can be humidified 
efficiently. At this time, since the stirring wall 56 is built therein, the resistance in the 
passage 1 1 increases, but a pressure loss due to this resistance increase is compensated by 
raising the supply pressure of the anesthetic gas in the anesthetic generating section 21. 
[0022] 

FIG. 6 shows a graph for confirming by experiment the effect due to the 
existence of the stirring wall 56 with respect to the vapor shift quantity from exhalation to 
inhalation. The X axis in this graph indicates time (minutes), and the Y axis indicates 
vapor quantity shifted from exhalation to inhalation. In this experiment, an inner tube 
having an inner diameter of 12 mm and a total length of 120 cm was used for the inner 
tube 50, and three stirring walls 56 having a total length of 17 cm were inserted therein in 
series. The inhalation flow rate was 7.5 liters/min, and inhalation temperature was 20°C. 
The line denoted by reference symbol 60 shows the result when the stirring walls 56 were 
not inserted, and the line denoted by reference symbol 61 shows the result when the 
stirring walls 56 were inserted. As is seen from this figure, by inserting the stirring walls 
56, the shift quantity of the vapor can be improved. Also in this embodiment, the same 
effect as that of the first embodiment can be obtained, and further, since the stirring walls 
56 are provided, the anesthetic gas and the vapor are mixed well, and the anesthetic gas 
can be humidified more efficiently. 
[0023] 

In the first to third embodiments, a single tube is used for the inner tube 50 and 
the outer tube 54, but for example as shown in FIG. 7, a plurality of fine tubes 57 made of 



Nafion may be provided, and the ends 58, 59 thereof may be bundled to enlarge the area 
through which the vapor passes, to thereby obtain higher humidifying capacity. 
Moreover, in the first to third embodiments, inhalation is allowed to pass through the 
passage 11, and exhalation is allowed to pass through the passage 12, but on the contrary, 
exhalation may be allowed to pass through the passage 11, and inhalation may be allowed 
to pass through the passage 12. In the first to third embodiments, explanation is given of 
a case where the respiratory circuit 1 is used for the anesthetic gas feeder, but the 
respiratory circuit 1 is also applicable to other respiration-related apparatus such as a 
respirator. Furthermore, in the first to third embodiments, the vapor permeable film 53 is 
made of Nafion, but the material is not limited to Nafion, and any material having a 
property of allowing only vapor to pass through, and preventing others from passing 
through can be used. In the second embodiment, the spiral coil 57 is made of metal, but 
the material is not limited thereto, and may be made of resin. 
[0024] 

[Effect of the Invention] 

According to the present invention, since inhalation can be humidified without 
using a humidifying member which blocks the respective passages in the outer tube and 
the inner tube, the resistance in the passage is suppressed, thereby facilitating respiration. 
Moreover, since the inner tube and the outer tube have a non-enlarged shape, stagnation 
and return of exhalation can be eliminated. By using a spiral coil wound helically for the 
inner tube, the area through which the vapor passes can be enlarged, to thereby humidify 
the inhalation more efficiently. Furthermore, by providing the stirring wall in the passage 
in the inhalation tube, the anesthetic gas and the vapor are mixed well, and as a result, the 
inhalation can be humidified more efficiently. 
[Brief Description of the Drawings] 

FIG. 1 is a cross section of a double tube showing a first embodiment of the 
present invention. 

FIG. 2 is a diagram showing the molecular structure of Nafion. 

FIG. 3 is a side view of an inner tube showing a second embodiment of the 
present invention. 

FIG. 4 is a side view of an inner tube showing a third embodiment of the present 



invention. 

FIG. 5 is a perspective view of stirring walls in the inner tube. 
FIG. 6 is a graph showing the effect of the existence of the stirring walls. 
FIG. 7 is a diagram showing an example in which a plurality of inner tubes is 
provided. 

FIG. 8 is a cross section showing a conventional respiratory circuit. 
FIG. 9 is a diagram showing an anesthesia apparatus using the conventional 
respiratory circuit. 

FIG. 10 is a cross section showing an artificial nose attached to the conventional 
respiratory circuit. 
[Explanation of Reference Symbols] 
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Respiratory circuit 


2 


Outer tube 


34 


Double tube 


50 


Inner tube 


51 


Through hole 


52 


Inner tube body 


53 


Vapor permeable film 


55 


Spiral coil 


56 


Stirring wall 
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